Blood pressure and pulse were monitored throughout 24 hours in 13 middle-aged men using a sphygmomanometer with an automatically inflatable cuff. These volunteers were in part mistakenly believed to have a "mildly elevated blood pressure" (in the light of a conventional non-chronobiologic approach, involving timeunspecified spot checks of blood pressure). Within about 24 hours, blood pressures and pulse varied remarkably: the coefficient of variation extended from 6.9 to 14.9% for systolic blood pressure (SBP), from 8.5 to 15.4% for diastolic blood pressure (DBP) and from 8.0 to 17.9% for pulse. By applying the single cosinor method (involving the least-squares fit of a 24-hour cosine curve), statistically significant circadian rhythms were observed in SBP, DBP, and pulse in all but 2 cases. In most cases, the timing of peak values was estimated to be in the evening for all 3 variables. Circadian rhythmicity accounted for up to 46, 30, and 42% of the total variability of SBP, DBP, and pulse, respectively. This marked circadian rhythmic variability is an important aspect of cardiovascular function.
considered as consisting of two stages, with systolic and diastolic blood pressure both higher during wakefulness and lower during sleep. Blood pressure is slso affected by various environmental and intrinsic factors, reportedly being raised by anger, fear, pain and exercise. Clinical investigators have measured blood pressure in various conditions in the hope of acquiring more meaningful information about its overall mean and variability. In addition to casual pressures, "basal" pressures, pressures after deep breathing or breath holding, pressures during a cold pressor test or during exposure to other stimuli have been measured. The data thus obtained are intended to provide a broader and more dynamic picture of blood pressure, yet they do not necessarily represent the whole profile of spontaneous changes or other sources of variability.
Recent advances in technology make it possible to monitor blood pressure noninvasively at intervals of several minutes and to provide 24-hour profiles of measurements in clinical practice. A set of statistical methods3),4),7),14)-including the cosinor, the chronobiologic serial section3), 14) and the set of linearnonlinear methods of rhythmometry-serve to define one or several rhythmic components. Once a circadian rhythm, for instance, is assessed on the basis of a 24-hour cosine curve, a reference interval that is both individualized and time-specified may be obtained, and serial or single subsequent measurements of blood pressure may then be assessed against such a "chronodesm."8) Against this background, the present study describes chronopsies* consisting of 24-hour profiles of blood pressure (tensopsies*) and pulse measured in 13 middle-aged borderline-hypertensive men using blood pressure monitoring equipment with an automatically inflatable cuff.
SUBJECTS AND METHODS
Subjects of this study had been recruited for a study of dietary control and prevention of high blood pressure from the screening list of a survey which was *Chronopsy=data collection and examination for temporal phenomena , notably for time-varying characteristics of biomedical interest or, more specifically, the collection and examination of biologic time series for the multiple purposes of defining rhythms in health, for screening and diagnosing diseases or as a guide to chronotherapy.4) The recommended approach includes 1) first-order chronopsies consisting of (questionnaire-associated) measurements and, if need be, automatic measurements leading to rhythm assessment by autorhythmometry-collection of, e.g., blood pressure and temperature profiles (tensopsies and thermopsies); 2) second-order chronopsies including hormonal profiles on urine (uropsies), saliva (sialopsies) or blood (hemopsies) for the interpretation of single values or time series characteristics in the light of time-specified reference limits, usually but not exclusively from peer groups; 3) third-order chronopsies, prompted by deviations from such limits, consisting of the establishment and subsequent use of individualized time-specified reference standards. pressure, from 1428 to 2233 for diastolic pressure and from 1256 to 2134 for pulse. Fig. 3 shows a plot of mean coefficients of variation (CV) at 2-hour intervals for the 3 variables studied. During the span of wakefulness, CV values were particularly high from 0600 to 0800 and 1200 to 1400, corresponding to times of awakening and lunch, respectively. Excluding these values, the CVs A circadian rhythm described by the least squares fit of a 24-hour cosine curve4),7), 14) was statistically significant at the 5% level for systolic and diastolic blood pressure and pulse in all cases except for diastolic pressure in subject 11 and pulse in subject 2. The cosine function accounted for up to 46, 30, and 42% of total variability in systolic pressure, diastolic pressure, and pulse rate, respectively. The average double amplitudes of the fitted cosine curves were 14.4, 12.4, and 15.8% of the corresponding mesors of systolic pressure, diastolic pressure, and pulse. The acrophase (timing of the peak value of the fitted cosine curve) was in the evening for all three variables in most cases. The circadian rhythm thus proved to be one of the major features of blood pressure variation.
The clinical significance of these circadian rhythms and the remaining short term rhythmic or random variations is not fully recognized. A decrease in the circadian amplitude of blood pressure was reported in malignant hypertension2),18) and pre-eclampsia.13),17) A decreased circadian variation of blood pressure was also described in secondary hypertension.15) Hassan et al,10) on the other hand, described a greater circadian amplitude in both systolic and diastolic pressures of "hypertensives".
Halberg et al9) observed an increase in circadian amplitude preceding an actual rise in the blood pressure mesor in stroke-prone Okamoto rats. The prognostic significance of the variability in blood pressure was suggested by Tashiro et al, 21) who demonstrated better correlation of post-exercise blood pressure than resting blood pressure with the subsequent incidence of stroke in the Japanese cohort of the "Seven Countries" study.
Cosinor analysis would be valuable for assessing the clinical and epidemiological significance of blood pressure variability. The advantages of this analysis4),7),14) include the ability to deal with unevenly spaced data, to characterize the rhythm of a population as well as an individual, to test the statistical significance of rhythms and to display results in a concise manner. Thus, changes in the circadian characteristics of blood pressure after treatment of mesor-hypertension could be easily tested with this method. The prognostic significance of the mesor, amplitude and acrophase of blood pressure as well as the residual variability should be investigated as the next step in the clinical and epidemiological study of high blood pressure. Diagnosis of mesor-hypertension could be individualized by comparing a patient's data with previously determined time-specified "usual limits" of that particular person.
In several reports1),6),25),26) cosinor analysis has been applied to assess a circadian rhythm of blood pressure. In these studies, however, the number of measurements was quite limited, less than ten readings per day, and the significance of a circadian rhythm in the overall variability of blood pressure was not fully understood. Although beat to beat measurements were not carried out in the present study, the more than 90 measurements done per day seemed sufficient to estimate the diurnal variability of blood pressure. As an index to the magnitude of circadian rhythm, we calculated percent rhythm, which is a ratio of circadian rhythmic variability to overall variability. This percent rhythm was quite high in most cases, ranging from 9.6 to 46.4% for systolic pressure, from 3.1 to 29.5% for diastolic pressure, and 5.5 to 42.3% for pulse, respectively. Therefore, the present study clearly demonstrated that circadian rhythm plays a major role in variations of blood pressure and pulse.
The variability (CV) of both systolic and diastolic blood pressure was greater during sleep than during the daytime, whereas the CV of pulse did not differ appreciably. These observations are only superficially at variance with reports2),12),23) which indicated a greater variability in the daytime, since the subjects of this study were measured in relative rest rather than during actual ambulation. The standard deviations in some previous reports were of almost the same magnitude as those observed herein during sleep , but the variability during the daytime was much smaller in the present study , due probably to the restriction of exercise in our subjects who mostly sat throughout waking hours. Nevertheless, the relatively large variation of blood pressure during sleep is an impressive finding. Systolic and diastolic blood pressure may respectively vary by 40mmHg and 35mmHg during sleep (0200 to 0400) . Disturbance of sleep due to a changed environment in the laboratory and frequent arm compression by the blood pressure cuff should be taken into account . Under the same conditions, however, the variability of pulse did not change as greatly during sleep; for this function, sleep disturbance might not be a major factor resulting in variability. A blood pressure rise and increased fluctuation during REM sleep could be one of the causes of the remarkable variability.12),15),19) Another explanation may be a relatively high plasma renin concentration in the early morning , reported to have a relation to increased fluctuation of blood pressure.16),22) Regardless of its cause , the marked fluctuation during sleep is one of the important aspects of blood pressure variability .
Although pulse showed a circadian rhythm with timing similar to that in blood pressure, the behavior of its variability was different . As discussed above, variability of pulse in these patients did not differ greatly between day and night, while that of blood pressure was appreciably greater during sleep . In addition, correlation coefficients between pulse and blood pressures were much lower than those between systolic and diastolic blood pressures . This dissociation of variation between pulse and blood pressure might suggest intrinsic variation of blood pressure other than that due to exercise or ps ycho-l ogical excitement which is usually associated with a change in pulse . 
